Pepper, from the seeds of Piper nigrum L., contains a variety of closely related nitrogen containing compounds, called alkaloids, and among which piperine (2-trans-4-trans-Npiperoyl-piperidine) is the main responsible of the characteristic pungent taste of pepper. All alkaloids are structurally related to piperine, but they may occur in very low concentration in pepper.
Material and methods

Reagents
All chemicals were of analytical reagent grade: ethanol 96%, acetonitrile, acetic acid 1%, pentane, dichloromethane. Piperine of purum grade (98%) from Fluka. Hexacosane (C 26 ) 99% from Fluka.
Oleoresin samples
26 pepper oleoresin samples were obtained from different suppliers of spices in France.
Sample preparation
UV and HPLC 0.10 g of oleoresin were dissolved in 100 mL of ethanol 96%. This solution was diluted 125-fold for UV and 5-fold for HPLC, in ethanol 96%.
GC 0.5 g of oleoresin were dissolved in 50 mL of dichloromethane. 2 mL of this oleoresin solution were added to 1 mL of internal standard solution (hexacosane 3 g/L in pentane).
Apparatus and methods
Spectrophotometry UV
Spectrophotometric measurements were carried out on a UVIKON 992 (Kontron Instruments) spectrophotometer. Absorbances were measured in a 1 cm silica cell at 343 nm against the pure solvent as reference. Alkaloids were quantified by external standard method. Standard solutions were prepared by dissolving pure piperine in ethanol in concentration of 0.005 to 0.00125 g/L.
HPLC
The equipment used was as follows: a WATERS chromatograph equipped with a pump (WATERS 600E); a diode array detector with a wavelength field from 190 to 800 nm (WATERS 990 SERIES). Analyses were carried out on a ready-packed column (250 × 4.6 mm) of 5 µm Nucleosil 120 A (a fully-capped C 18 bonded-phase). The mobile phase was a mixture of 48% (v) acetonitrile -52% (v) water (1% acetic acid). The flow rate was 1 mL/min and the injection volume 40 µL. All analyses were carried out at four wavelengths, 254-280-343 and 364 nm. Run time was up to 45 min to allow elution of all the minor UV-absorbers, and piperine retention time was c.a. 20 min. Piperine was quantified by external standard method. Standard solutions were prepared by dissolving pure piperine in ethanol in concentration of 0.10 to 0.025 g/L. Alkaloids were quantified assimilating them to the piperine and utilizing the same standard solutions than for the piperine quantification.
Gas chromatography
The equipment used was a PERKIN ELMER Autosystem chromatograph equipped with a FID detector. The GC analysis were performed on a capillary apolar column BP1 (50 m × 0.22 mm I.D., 0.25 µm filmthickness). The operating parameters were as follows: hydrogen as carrier gas at 1 mL/min, split at 25 mL/min, injector temperature at 300 °C, detector temperature at 300 °C, and following program conditions: 250 °C to 280 °C at 0.5 °C/min. Run time was up to 35 min, piperine retention time was c.a. 20 min and hexacosane retention time c.a. 13 min. Alkaloids were quantified by internal standard method. The internal standard is hexacosane. The standard solution is prepared by adding 2 mL of pure piperine solution (4 g/L in dichloromethane) to 1 mL of hexacosane solution (3 g/L in pentane).
Results and discussion
Before determining piperine contents in oleoresin samples, the variation coefficient was calculated for each method and was found to be: 0.26% for UV-spectrophotometry; 1.73% for HPLC; 2.87% for GC.
The piperine and/or alkaloids contents were determined for each sample by using the three methods described above.
In HPLC analysis, the four wavelengths (254-280-343 and 364 nm) were chosen because 254 and 280 nm are commonly available in fixed-wavelength detectors, and 343 and 364 nm represent the absorption maxima of piperine and piperettine (the major derived compound of piperine) respectively.
For each wavelength, the piperine content (noted "HPLC") was determined and for λ = 343 nm it was calculated also a "total alkaloids" content (noted "HPLCt"), by considering the whole peak of the chromatogram and by assimilating it to piperine and supposing that they have all the same molecular extinction coefficient ε. (Tab. I).
In GC analysis, similar determinations were performed: piperine content (noted "GC") and "total alkaloids" content (noted "GCt") by supposing that they have all the same response factor K. (Tab. I).
Comparison of the HPLC measures at four wavelenghts (254-280-343-364 nm)
To improve the comparisons a variance analysis was carried out with 3 samples (sample 2, sample 11 and sample 18) among the 26. These three samples were chosen as explained: the two extreme values of piperine amount and a middle value.
The variance analysis is a comparison between different means in order to show effects due to the variation of experimental factors which can't be confused with the noise.
Two variances are calculated: the variance "inter-samples" (s 2 inter ) and the variance "intra-samples" (s 2 intra ). Then a test of Fisher is carried out. It consists to compare the experimental F value (F exp ) obtained by the ratio s 2 inter / s 2 intra with the theorical F value (F th ) given in a Fisher  table: if F exp > F th , the effect of experimental factors is more important than the effect of random errors due to the noise, if F exp < F th the effect of experimental factors is not significatively different from the effect of random errors.
In our case, the variance "inter-samples" corresponds at the variance between the four wavelengths and the variance "intra-samples" corresponds at the variance between the six injections of the sample at the same wavelength. The calculations give:
-for sample 2:
-for sample 11:
-for sample 18:
In each case, F exp < F th . Then, for the three samples, the variance analysis showed that, for a 5% error of first kind, the effect of experimental factors is not significatively different from the effect of random errors. It means that the piperine content was found to be the same whatever the chosen wavelength.
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This comparison have already been reported [5] . It was carried out with 3 ground black peppers, 1 ground white pepper and only 3 pepper oleoresins. In our present study, it is confirmed by analyzing 26 oleoresin samples and by a variance analysis.
These results show that piperine contents obtained at 254-280-343 or 364 nm were similar and would probably be suitable for routine use. So that laboratories equipped only with a fixed-wavelength UV-detector should be able to use this HPLC method.
Comparison of the three methods (spectrophotometry UV, HPLC and GC)
Comparison were carried out by two statistical tests defined both in a French Norm.
One used the NF X 06-066 standard based on the comparison of paired observations [10] . The initial null hypothesis is that the two methods give identical results, considering sampling errors and random errors of measures. The used test is based on the comparison between the mean of differences population and a gived mean at 0. For a 5% error of first kind, the inegality is verified: 
for the origin Y-axis:
with: 
Comparison of the HPLC and the UV results
For this comparison all the peaks present on the HPLC chromatogram should be considered and the UV-detection was carried out at 343 nm (Tab. I, Fig. 1 ).
The two series of measures were compared by the two statistical tests defined above.
For the first one [10] , calculations for the comparison give:
The inegality (1) is respected, then the two methods (HPLC and UV at 343 nm) give similar results, with a 5% error of first kind. The two inegalities, (2) and (3), are respected, then the two methods didn't show a systematic bias.
The two statistical tests were verified, then the HPLC method and the UV method are comparable.
It means that the quantitative measurement of total pungency in oleoresin can be carried out indifferently by HPLC or UV method, at 343 nm. Both give a good estimation of the global 343 nm-UV-absorber compounds contained in the pepper oleoresins. Though the UV method is not specific, it is faster than the HPLC method. So it is preferred by manufacturers.
Comparison of HPLC and GC methods considering only the piperine
For this comparison only the peak of piperine on the HPLC and on the GC chromatograms is taken into account (Tab. I, Figs. 1 and 2 ). Furthermore HPLC measures were carried out at 343 nm, which is the absorption maximum of piperine.
The inegality (1) is respected, then the two methods (HPLC at 343 nm and GC) give similar results, with a 5% error of first kind.
For the second one [11] (2) is respected but the inegality for the initial Y-axis (3) isn't respected. It means that the two methods showed a systematic bias. Indeed by observing the two series of measures, it can be observed that the GC method overvalued lightly results.
However the differences between GC and HPLC measures are included in intervals of the variation coefficients of the two methods. Furthermore the first statistical test [10] show that the two methods give similar results. It is so possible to consider that results obtained by HPLC and those obtained by GC are comparable. Though the measures are lightly majored by the GC method, it is faster than HPLC method because it requires a run time c.a. 20 min against 45 min by HPLC.
Comparison of UV spectrophotometry -GC methods and HPLC -GC methods, considering all the alkaloids
For these comparisons all the peaks present on the two chromatograms (HPLC and GC) were examined (Tab. I, Figs. 1  and 2 ). The UV measures were carried out at 343 nm.
For the comparison between UV-spectrophotometry and GC methods, the results of the two statistical tests were gived.
-for the first one [10] , calculations for the comparison give:
The inegality (1) is respected, then the two methods (UV at 343 nm and GC) give similar results, with a 5% error of first kind.
-for the second one [11] (2) is not respected but the inegality for the initial Y-axis (3) is respected. It means that the two methods showed a systematic bias.
For the comparison between HPLC and GC methods, the results of the two statistical tests were given.
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-for the second one [11] , (2) is not respected but the inegality for the initial Y-axis (3) is respected. It means that the two methods showed a systematic bias.
This systematic bias between GC and UV methods (spectrophotometry and HPLC) can be explain differently.
It has been shown that UV-spectrophotometry and HPLC methods give similar results. At 343 nm, on the HPLC chromatogram we can see 10 peaks. Their identification shows that they are all alkaloids. So that proves that the UV analysis (spectrophotometry and HPLC) at 343 nm measure only the alcaloids and no other compounds.
In UV measures, all compounds don't have the same extinction coefficient (ε), so they don't have the same UV response. Then the quantitation is erroneous because they are all assimilated to the piperine. Nevertheless, in CPG, according to their very similar structure, we can suppose that the alcaloids have all approximatively the same response factor (K). So it is possible to assimilate all of them to piperine without carrying out a significative error about the quantitative result.
However the GC chromatogram shows more peaks than the HPLC one. On the GC chromatogram, some peaks represent alkaloids but the other peaks represent probably other compounds present in pepper oleoresins. The amount of these other compounds is more or less important depending on the oleoresin. The variations of "non alkaloids" quantities seem to be in relation with the differences between the HPLC measures and the GC measures.
So, the different methods have all advantages and inconvenients, and it is difficult to choose one. The photoisomers of piperine (i.e. compounds obtained by exposing piperine to light) are best separated by GC than by HPLC, but the derived compounds of piperine are well separated by HPLC. So, it appears that GC analysis give more information than HPLC about the degradation state of piperine, but HPLC gives more information than GC about the amount of alkaloids against piperine.
It is known that the photoisomerisation of the piperine decreases the pungency of the product [12] . But what influence of the pungency have the more or less important proportion of alkaloids versus the amount of piperine? Any data were given in the litterature about that. To examine the influence of all the alkaloids on the pungency of pepper, it may be interesting to carry out taste analysis of oleoresin samples.
Conclusion
The choice of a method between the three described in this paper depends on the wanted analysis.
The UV spectrophotometry at 343 nm is available for a rapid and global determination of pepper oleoresin pungency.
But for a quantitation of only piperine, gas chromatography or high-performance liquid chromatography at 254 -280 -343 or 364 nm can be used and give similar results. However the GC analysis is faster than the HPLC analysis.
The HPLC method permits a good separation of the different alkaloids, but the GC method is more available for the observation of the piperine degradation state because the photoisomers are well separated to the piperine.
